Transforming growth factor-B (TGF-B) has been shown to induce apoptotic cell death in normal and transformed hepatocytes. We recently identified tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) as an important mediator of TGF-B -induced apoptosis in hepatoma cells. In this study, we have further explored the mechanism by which TGF-B up-regulates TRAIL expression. The 5 ¶-flanking region of the TRAIL gene was isolated and characterized. Deletion mutants of the 5 ¶-untranslated region of the TRAIL gene revealed a region comprising nucleotides À1950 to À1100 responsible for TRAIL induction following treatment with TGF-B. Within this region, we have identified an activator protein-1 (AP-1) site indispensable for TGF-B -mediated induction of TRAIL. Activation of this AP-1 site is mediated by a JunDÁFosB heterodimer. Expression of DNSmad4, DNJunD, or DNFosB significantly impairs TGF-B -mediated activation of the TRAIL promoter. Furthermore, with tRNA interference targeting Smad4, junD, FosB, we could abolish TRAIL expression and, subsequently, TGF-B -induced TRAIL-mediated apoptosis in hepatoma cells. Our results reveal a new AP-1 site within the TRAIL promoter functionally involved in TGF-B -induced TRAIL expression and apoptosis in hepatomas and thus provide evidence for the underlying mechanism by which TGF-B might regulate cell death in liver cancer.
Introduction
Transforming growth factor-h (TGF-h) and its family members are multifunctional cytokines that exert profound effects on cell division, differentiation, migration, adhesion, organization, and cell death. Thus, TGF-h is one of the most potent regulators of apoptosis (1, 2) .
TGF-h signals via transmembrane receptors, e.g., the type I TGF-h receptor, to intracellular mediators of the Smad family, the so-called R-Smads, that are phosphorylated on serine residues and form heteromeric complexes with a common mediator Smad4. Consequently, this complex translocates to the nucleus, where Smads regulate gene expression either directly or in association with a number of coactivators and corepressors. An inhibitory molecule, Smad7, blocks this cascade to prevent TGF-h -mediated changes in gene expression (3) . TGF-h can also signal through other pathways (e.g., the mitogen-activated protein kinase pathways; ref. 4) , although the mechanisms for activation of these pathways seem diverse. Cross-talk between the Smad signaling cascade and other pathways also adds complexity to the system. It has been shown that Smad proteins and the AP-1 complex synergize to activate the TGF-h1 -responsive promoters (5) . Recent studies indicate that Smad3 directly binds c-Jun and c-Fos of the AP-1 complex and that both Smad3 and Smad4 bind all three Jun proteins, c-Jun, JunB, and JunD (6) . The AP-1 complex seems to be involved in cell proliferation and survival, and a role of this multicomponent complex is also suggested in apoptosis of various cells (6, 7) . It has been shown that the AP-1 complex is crucially involved in TGF-h1-dependent apoptosis (8, 9) .
Both death receptors and TGF-h receptors play an important role in the development of liver disease (9, 10) . We previously examined a potential role of various death receptor/ligand systems in TGF-h -induced apoptosis and have identified the tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) as an important mediator of TGF-h -induced apoptosis in hepatoma cells (11) . TRAIL belongs to a family of death ligand systems and has attracted attention for its ability to preferentially kill a wide variety of tumor cell lines (12, 13) , whereas most normal cells are resistant to TRAIL both in vitro and in vivo (14, 15) . This study reveals the underlying mechanism of TRAIL induction by TGF-h, which is mediated by a newly identified AP-1 site in the TRAIL promoter, recognized by Jun-Fos heterodimers. Our results show that both Smad proteins and the AP-1 complex cooperatively play a critical role in TGF-h1 -dependent induction of TRAIL expression.
Results

The TRAIL Promoter Is a Direct Target of TGF-b Signaling
We previously showed that TRAIL mRNA is rapidly induced by TGF-h in hepatoma cell lines (8) . Treatment of cells with cycloheximide before TGF-h treatment did not impair induction of TRAIL mRNA. This indicates that de novo protein synthesis is not required. In the same study, we also showed that TRAIL mRNA is a primary target of TGF-h signaling.
To investigate in more detail the underlying mechanism of TGF-h -dependent regulation of TRAIL expression, the 5 ¶ flanking region of the TRAIL gene was isolated and characterized (Fig. 1A) . A DNA fragment corresponding to the À1950 to À1 region relative to the translational start site of the TRAIL promoter was inserted upstream of a luciferase reporter gene to determine the transcriptional induction of the TRAIL promoter by TGF-h. When Huh7 cells, transfected with this reporter construct, were stimulated with TGF-h, TRAIL expression was stimulated severalfold (Fig. 1B) .
To determine whether Smad proteins are directly involved in TGF-h -induced TRAIL expression, we investigated the influence of the TGF-h signaling components on TRAIL mRNA levels by LightCycler PCR. Smad2 does not show any effect on the induction of TRAIL expression. mRNA levels of TRAIL, however, show an increase after overexpression of Smad3 and Smad4 (Fig. 1C) . TRAIL mRNA expression becomes significantly increased after expression of Smad2/3 together with Smad4, especially after stimulation with TGF-h, indicating that these signaling components are crucially involved in TGF-h -induced TRAIL expression.
Together with our previous data, showing that that the effect of TGF-h on TRAIL mRNA accumulation is not due to mRNA degradation, these results imply that TGF-h signaling induces transcription of the TRAIL gene.
A Newly Identified AP-1 Site Mediates TGF-b -Induced TRAIL Expression
To further analyze the underlying mechanism of TGF-hmediated TRAIL induction, we tested different TRAIL B. X -fold induction of luciferase activity relative to medium control. Huh7 cells were transfected with Flag-tagged expression plasmids for Smad2, Smad3, Smad4, and DNSmad4 alone or in combination as indicated. Twenty-four hours after transfection, cells were treated with 2 ng/mL TGF-h or left untreated. Twenty-four hours after treatment, RNA was isolated from one half of the samples, reverse transcribed, and subjected to quantitative PCR to analyze mRNA expression levels of TRAIL, using h-actin for normalization.
C. The other half of the treated cells were subjected to Western blot for control of expression levels of the respective plasmid. The experiments shown are each representative of four experiments.
promoter deletion mutants in a luciferase reporter gene assay of transfected Huh7 cells upon treatment of cells with TGF-h.
Inducibility of TRAIL promoter activity decreased significantly after one third of the promoter fragment was deleted. This indicates that this portion of the promoter contains transcription factor binding sites important for TRAIL induction ( Fig. 2A) . Interestingly, inspection of this region revealed three consensus binding sites (5 ¶-TGAG/CTCA-3 ¶) for the transcription factor AP-1. The exact position of the sequences are circled in Fig. 2B . Because the AP-1 complex has been shown to be important for TGF-h -induced apoptosis (16) (17) (18) , we next tested whether these sites in the TRAIL promoter are functional AP-1 sites in TGF-h -induced TRAIL regulation. Therefore, we prepared À1950 to À1 promoter constructs with mutated AP-1 binding sites. Each wild-type consensus sequence (5 ¶-CTGAGTCA-3 ¶) was changed at three different positions, as shown in Fig. 2B . Upon TGF-h stimulation of Huh7 cells after transfection with the mutated promoter constructs, the inducibility of the m 3 -mutant (À1327/À1321) was almost completely abolished when compared with the wild-type promoter construct (Fig. 2C ), indicating that this particular AP-1 site is crucial for TRAIL induction by TGF-h.
The AP-1 complex is formed by different components affecting the reaction to different extracellular stimuli (18) . We therefore cotransfected different Jun and Fos expression constructs with the different TRAIL promoter luciferase reporter constructs. Cotransfection of exogenous JunD and FosB gave a pronounced stimulation of the À1950/À1 construct but not of any one of the shorter promoter constructs (not shown) or the construct containing the m 3 AP-1 site (Fig. 2D ), further supporting a crucial role for this AP-1 site located in the upstream one third of the promoter. Furthermore, only JunD and FosB but none of the other AP-1 family members showed an activating effect on the promoter.
To further clarify whether transactivation by JunD and FosB is required for the induction of the TRAIL promoter, we cotransfected dominant negative mutants of JunD, FosB, and other AP-1 family members, together with the different luciferase reporter constructs. The dominant negative molecules effectively interfere with the activation of the AP-1 complex because they retain the dimerization domain but are lacking the transactivation domain and can no longer activate AP-1 target genes. The effect of inhibition is shown in Fig. 2D . Dominant negative JunD, FosB, and DNSmad4 drastically inhibited the activation of the TRAIL promoter upon treatment with TGF-h. Moreover, TGF-h treatment of hepatoma cells led to induction of protein and mRNA levels of JunD and FosB but not of c-Jun and c-Fos ( Fig. 3A and B). These results underline the necessity of JunDÁFosB activation for the observed up-regulation of the TRAIL gene.
Thus, we aimed to further determine the specificity of the dimer binding to the AP-1 site of the TRAIL promoter and did gel shift analyses with oligonucleotides comprising the AP-1 site (CTGAGTCA). These oligonucleotides form a complex with nuclear extracts from TGF-h -treated but not from untreated Huh7 cells (Fig. 3C ). The complex formation could be competed with consensus AP-1 oligonucleotides but not with unlabeled oligonucleotides comprising the mutated m 3 AP-1 sequence. Antibodies to JunD and to FosB inhibited complex formation in nuclear extracts from Huh7 cells. Neither antibodies to other transcription factors (data not shown) nor an isotype-matched immunoglobulin specificity control influenced the formation of the complexes (Fig. 3C) . Thus, the AP-1 site located at position À1327 to À1321 in the TRAIL promoter is a specific AP-1 site and functional in TGF-h signaling with clear selectivity for Jun-Fos heterodimers. Moreover, right next to the indicated AP-1 sequence maps a Smad binding element at position À1336 to À1331. Therefore, we further tested DNA interaction of the whole complex with the TRAIL promoter by chromatin immunoprecipitation. PCR amplification of samples immunoprecipitated with anti-JunD, anti-FosB, and anti-Smad4 antibodies revealed the presence of the respective protein at position À1410 to À1301 of the 5 ¶ flanking region of the TRAIL gene (Fig. 3D) , which contains not only the specific AP-1 sequence but also shows occupation of the Smad binding element just upstream the responsive AP-1 sequence by Smad4. These data confirm that AP-1 binding to the target site in the TRAIL promoter is specific and induced by TGF-h. Moreover, these data define FosB, JunD, and Smad4 as centrally involved in TGF-h -induced activation of the TRAIL promoter.
Silencing of AP-1 Components and Smad4 Severely Impairs TGF-b -Induced TRAIL Expression and Apoptosis
Next, we confirmed the requirement for Smad4, JunD, and FosB in TGF-h -dependent TRAIL regulation in hepatoma cells using RNA interference. Twenty-one nucleotide short interfering RNA (siRNA) duplexes for Smad4, JunD, or FosB were transfected into Huh7 cells. After 48 hours, the expression of the respective protein was strongly suppressed, whereas cells transfected with a control siRNA showed unchanged expression (Fig. 4A) . Interestingly, silencing of Smad4, JunD, or FosB expression did not only significantly decrease (10-20%) TRAIL expression upon TGF-h exposure (Fig. 4B ). Transfected cells also got resistant to TGF-h -mediated apoptosis, as cell death was diminished to f20% to 40% upon knockdown of Smad4 or the AP-1 components (Fig. 4C ) compared with control (nonsilencing) siRNA-treated cells. Surprisingly, the effect of FosB siRNA on abrogation of TGF-h -mediated TRAIL induction is greater than that of Smad4 (Fig. 4B ) whereas the effect of FosB siRNA on abrogation of TGF-h -mediated apoptosis is less than that of Smad4. However, TGF-h -mediated effects are complex and the components that are involved are diverse. When FosB expression is inhibited, the effect on TRAIL expression is slightly more intriguing than on apoptosis inhibition. We suspect that this is due to a redundancy in mechanisms and pathways that lead to TGF-h -induced cell death, whereas TGF-h -mediated TRAIL regulation is rather obliged to FosB expression.
TRAIL expression as well as apoptosis that was impaired by tRNA interference could be rescued by coexpression of functional murine homologous of the respective gene, demonstrating specificity of the siRNA constructs used and, thus, of the observed effect.
To assess the functional consequence of suppressed TRAIL expression, we used cytotoxicity assays. If hepatoma cells were pretreated with the siRNA as indicated before TGF-h stimulation, CEM cell lysis was severely diminished compared with coincubation with TGF-h -stimulated hepatoma cells pretreated with control siRNA. Thus, f45% of CEM cells, as TRAIL-sensitive target cells, underwent apoptosis upon coincubation with TGF-h -stimulated TRAIL-expressing Huh7 cells, but not with unstimulated hepatoma cells (Fig. 4D) . Our results clearly show a significant decrease of apoptosis of CEM cells upon coincubation with those hepatoma cells that were pretreated with siRNA for Smad4, JunD, or FosB before TGF-h stimulation, compared with Huh7 cells that were pretreated with control siRNA. Compromised TRAIL expression by silencing these signal transduction components correlates clearly to our previously published results, using TRAIL-R2-Fc to efficiently and specifically inhibit TGF-h -induced apoptosis in hepatoma cells (11) . Therefore, TGF-h -induced TRAIL expression and function is dependent on functional expression of Smad4 as well as of the AP-1 components JunD and FosB.
Taken together, our data indicate that TGF-h -induced apoptosis works via an autocrine loop that involves the induction of TRAIL. TRAIL induction is achieved by TGF-h -induced activation of the Jun-Fos heterodimeric AP-1 transcription factor, resulting in up-regulation of the activity of the promoter that drives the expression of TRAIL via a specific binding site for AP-1 located at À1327 to À1321 relative to the translational start site.
Discussion
In a previous study, we showed that TRAIL plays an important role in TGF-h -induced apoptosis in liver tumor cells (11) . Here, we elucidate the underlying molecular mechanism and show that this process involves activation of the transcription factor AP-1, which stimulates the TRAIL promoter. Activation of AP-1 is mediated by Jun and Fos through Smads, the central components of TGF-h signaling. Thus, the principal findings of this study explain the molecular mechanisms by which TGF-h regulates TRAIL expression and reveal that (a) the transcription factor AP-1 binds to the 5 ¶-flanking region of the TRAIL promoter; (b) mutation of an AP-1 binding sequence abrogates TGF-h -mediated enhancement of TRAIL promoter activity; (c) TGF-h enhances AP-1 nd Smad4 DNA binding activity to a specific genomic sequence in the TRAIL promoter; and (d) silencing of Smad4, JunD, or FosB expression effectively suppresses TGF-hmediated TRAIL protein up-regulation and apoptosis. Thus, the conclusion that TGF-h -mediated induction of TRAIL involves functional cooperation between Smad proteins and AP-1 is based on three sets of data. First, DNSmad4, a Smad mutant that is unable to bind DNA, did not synergize with JunD in transcription assays. Second, silencing of Smad4 expression by siRNA abolishes TGF-h -induced up-regulation of TRAIL on the cell surface and inhibits apoptosis induction. Third, TGF-h induces occupation of a Smad binding element (CAGACA) right next to the indicated AP-1 sequence by Smad4 on the TRAIL promoter.
Components of the AP-1 transcription complex were recognized early as transcriptional targets of TGF-h signaling before the mechanisms of TGF-h signal transduction were known. Our results confirm previous results, suggesting that 
components and Smad4 after treatment with TGF-h. Huh7 cells were treated with TGF-h (2 ng/mL) or not for 36 h and subjected to Western blot analysis (A) or RT-PCR (B)
. Huh7 cells were treated with TGF-h (2 ng/mL) for 24 h and the nuclear extracts were subjected to an electrophoretic mobility shift assay of the À1950/À1020 region of the human TRAIL promoter sequence. In presence of antibodies against JunD or FosB, complex formation is inhibited. wtAP-1 or m 3 AP-1 are the TRAIL promoter regions used for competition experiments. The experiment shown is representative for three performed (ref. 21; C). Huh7 cells were incubated with TGF-h (2 ng/mL) for 48 h before performing a chromatin immunoprecipitation assay. Chromatin extracts were immunoprecipitated by antibodies against JunB, FosD, or Smad4. The association of JunB, FosD, and Smad4 with the TRAIL promoter was detected by immunoprecipitation followed by PCR amplification of the À1410 to À1301 region of the TRAIL promoter region. Five microliters of each of the analyzed samples were used for PCR amplification as the input control (Input ) before immunoprecipitation. Input sample DNA was PCR amplified before immunoprecipitation and the negative control was immunoprecipitated with control IgG (D).
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TGF-h -mediated apoptosis is, in part, mediated by AP-1 -associated gene expression and extend those by revealing TRAIL as a target gene mediating cell death in this context. Smad4, JunD, and FosB are shown to be indispensable for activation of the TRAIL promoter by TGF-h and, thus, TRAIL expression and function. Nevertheless, although chromatin immunoprecipitation analysis indicated TGF-h -dependent DNA interaction of Smad4 and the AP-1 components in direct neighborhood, we could not detect any on-DNA interactions between Smad and AP-1 proteins by electrophoretic mobility shift assay. However, these results are in agreement with previous studies excluding that Smad/AP-1 heterocomplexes may form on either CAGA boxes or AP-1 sites (8, 19) . Their functional cooperation with respect to AP-1 -driven transcription likely results from additional, yet unknown, mechanisms, such as a cooperative recruitment of different members of the basal transcription machinery. Moreover, it has been shown and discussed by Shi et al. (20) that simultaneous DNA binding of Smad and AP-1 proteins may not be compatible with the threedimensional structure acquired by these factors when bound to DNA. In agreement with our findings, Wong et al. (19) showed that no Smad3/c-Jun heterocomplexes were formed despite the synergistic transcriptional effect of these proteins on promoter activity.
The responses to Smad and AP-1 signals in the context of TGF-h -mediated gene expression are diverse, and notable differences were observed between the abilities of JunD, JunB, and c-Jun to modulate Smad4-driven promoter transactivation (17) . Moreover, consistent with our observations, JunD and FosB have been shown to cooperate with Smad4 at an AP-1 binding site (16) .
By reporter gene analysis, we identified a 5 ¶-flanking sequence in the TRAIL promoter that is important for the regulation of TRAIL promoter activity by TGF-h, containing three putative AP-1 binding sites. Reporter gene analysis revealed that mutation of one of these sites completely abrogated TRAIL promoter activity in response to TGF-h. Taken together, TGF-h seems to activate TRAIL gene transcription by facilitating AP-1 -TRAIL promoter binding at a specific AP-1 site in the À1950/À1100 flanking region of this death receptor gene. These data raise the question in how far resistance of certain tumors to TGF-h -induced apoptosis may be tightly connected to defects in TRAIL regulation, e.g., by sequence changes in certain regulatory elements. Those mutations may develop during carcinogenesis, providing a growth advantage for the tumor. Mutation analyses of the respective sequence in a large set of tumor samples are on their way. However, given the potential importance of TRAIL in cancer therapy, these data may be important in developing strategies to enhance expression of this death ligand in other cell types. Tumor-selective activation of molecules involved in TRAIL expression may be an attractive approach for enhancing TRAIL-mediated cancer therapy.
Materials and Methods
Cell Lines
The hepatoma cell lines used were obtained from the American Type Culture Collection. Cells were maintained as described before (14) .
Plasmids
The Smad expression plasmids were kindly provided by C-H. Heldin (Ludwig Cancer Research Institute, Uppsala, Sweden) and were described elsewhere (22).
The expression constructs for Jun and Fos were kindly provided by P. Angel (German Cancer Research Center, Heidelberg, Germany) and have been described previously (23, 24) .
The sequence of the human TRAIL promoter was retrieved by a BLAST search with the first 100 bp of the 5 ¶ end of the open reading frame of human TRAIL. Normal human genomic DNA of a healthy individual was used as template. Primers were purchased from MWG Biotech GmbH. Primer sequences were as follows: TRAIL sense, 5 ¶-GACGAAGAGAGTAT-GAACAGCC-3 ¶; TRAIL antisense, 5 ¶-GGTCCATGTCTAT-CAAGTGCTC-3 ¶, yielding a PCR product of 603 bp. The sequence amplified by the primers spans all three introns of TRAIL, thereby facilitating the differentiation between cDNA and genomic DNA. The human TRAIL promoter fragments were then cloned between the SmaI site and the HindIII site of the pGL3 basic luciferase expression vector (Promega). The different 5 ¶ deletion mutants of the TRAIL promoter were produced by PCR amplification of regions of the human TRAIL promoter from nucleotide À1 relative to the translational start site to various deletion end points. The oligonucleotides used for cloning were as follows: 3 ¶TLP(À1) ( C AT C A A G C T T G AT C C T G T C A G A G T C T G A C T ) , 5 ¶TLP(À1100) (CATCGAGCTCGAGATTGTGCCATTG-CACCA), 5 ¶TLP(À1950) (CATCGAGCTCGAGATGTTGAC-TTCCTGCAC), and 5 ¶TLP(À269) (CATCGAGCT-CAAGGGGTGCATGGATCCTGA). Normal human genomic DNA of a healthy individual was used as template. The various human TRAIL promoter fragments were then placed between the SmaI site and the HindIII site of the pGL3 basic luciferase expression vector (Promega). Successful cloning was confirmed by sequencing. 
Western Blot
Western Blot was done essentially as described (11) . Antibodies to detect Smad4, FosB, JunD, c-Fos, c-Jun, Myc, and Flag were obtained from Santa Cruz Biotechnology or Abcam.
RNA Interference
For RNA interference, siRNA duplexes for Smad4, JunD, and FosB were obtained from Qiagen. Chemically synthesized control (nonsilencing) siRNA was also purchased from Qiagen. Transfection of siRNA was carried out with TransMessenger reagent (Qiagen) in six-well plates. siRNA was condensed with Enhancer R and formulated with 4 AL of TransMessenger reagent, according to the manufacturer's instructions. The transfection complex was diluted in 900 AL of DMEM and was added directly to the cells. It was replaced with DMEM containing 10% fetal bovine serum after 3 h. Cells were analyzed 48 h after transfections.
The knockdown was controlled by Western blot. To exclude off-target effects of the siRNAs, cells were transfected with siRNA against the protein alone, an overexpression plasmid of the homologous murine protein (p-CMV-mSmad4, p-CMVmFosB, p-CMV-mJunD) alone, or both, and cultured for 48 h before further treatment and analysis. Plasmids were purchased from BioCat.
Transient Transfection and Luciferase Assay
We did transient transfection of hepatoma cells using FuGene (Roche Diagnostics), following the manufacturer's instructions.
For luciferase assays, cells were plated on six-well plates. The firefly luciferase reporter construct was cotransfected with the control vector pcDNA3, the respective expression plasmid, and/or stimulated with TGF-h after transfection, as indicated. One hundred nanograms of the Renilla luciferase vector (Promega) were cotransfected to determine transfection efficiencies. Cells were harvested and the assay was done according to the manufacturer's instructions. Luciferase activity was measured using the DuoLumat LB9507 (Berthold). Duplicate measurements were done for all experiments.
Protein determination was done using the BCA assay (Bio-Rad GmbH). 
Flow Cytometry
Cells were rinsed twice with PBS 36 h after stimulation, detached from culture dishes with PBS containing 20 mmol/L EDTA, washed, and resuspended in PBS supplemented with 5% FCS. Approximately 5 Â 10 5 cells were used per sample. Incubations with primary and secondary antibodies were done for 30 min at 4jC, followed by two washing steps with PBS/5% FCS after each incubation. Analysis was done with a Becton Dickinson fluorescence-activated cell sorting flow cytometer and CellQuest software.
Cells were incubated in 50 AL of PBS/5% FCS with TRAIL-R2-Fc for TRAIL staining or, as the respective control, in the presence of huIgG (Southern Biotechnology Associates) at a concentration of 10 Ag/mL. Biotinylated secondary goat antimouse or goat anti-human antibodies (Southern Biotechnology Associates) and streptavidin-phycoerythrin (PharMingen) were used in a final volume of 50 AL at a dilution of 1:200.
Determination of Cell Death
As a direct measurement of cell death, DNA fragmentation was quantified by determination of the percentage of cells with subdiploid DNA content, essentially as described (11) .
Cell-Mediated Cytotoxicity Assay
Cell-mediated lysis was quantitated using standard chromium-51 release assay (25) . In brief, hepatoma cells were stimulated or not with 2 ng/mL TGF-h (Sigma) for 30 to 40 h, subsequently washed thrice with PBS, detached with 2 mmol/L EDTA, and counted. CEM cells were labeled with 100 mCi/mL 51 Cr for 1 h in culture medium. Effector cells and target cells were coincubated for 16 h. Spontaneous release was determined by incubating target cells alone; total release was determined by directly counting labeled cells. Percentage cytotoxicity was calculated as follows: % specific lysis = (experimental cpm À spontaneous cpm/total cpm À spontaneous cpm) Â 100. Duplicate measurements of four-step titrations of effector cells were used for all experiments.
Electrophoretic Mobility Shift Assay and Competition Analyses
Nuclear extracts from hepatoma cells were prepared as previously described (26) . Briefly, 4 Â 10 
Chromatin Immunoprecipitation
Formaldehyde cross-linking and chromatin immunoprecipitation were done according to the manufacturer's protocol (Upstate). Antibodies against JunD, FosB, and Smad4 or a control IgG (Santa Cruz Biotechnology) were used to precipitate chromatin from 5 Â 10 6 Huh7 cells. After reverse cross-linking and purification, DNA was recovered and amplified by PCR using the following primers (MWG Biotech GmbH): forward 5 ¶-TCCTAAGTCCACTGCCAGAAACTC-3 ¶ and reverse 5 ¶-TTCCATTCTTGACCCACTGAGTCA-3 ¶. PCR was carried out as follows: 1 AL of DNA, 0.5 AL of each primer, 1.5 mmol/L MgCl 2 , 0.2 mmol/L deoxynucleotide triphosphates, 1.25 units Taq DNA polymerase (Bio-Rad), and 1Â Taq buffer (Bio-Rad). After 40 amplification cycles, the PCR products were analyzed by ethidium bromide staining of a 2% agarose gel.
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